Abstract-In general, a classical Split Ring Resonator (SRR) structure exhibits high Q-factor based on deeper and sharper transmission dips at resonance as well as produce high electric field density at the gaps. It is believed, by introducing more gaps, a strong and localized E-field will be obtained in the area between the split gaps. Based on these features, three types of rectangular multiple Split Ring Resonators (SRRs) were proposed to resonate in the frequency range of 3-7 GHz and simulated using Computer Simulation Technology (CST) Microwave Studio to determine the transmission characteristics and the resonance frequency. A Nicolson-Ross-Weir (NRW) technique is used to retrieve the effective parameters from the resultant S-parameter. It is shown that the resonance frequency of investigated structures falls in a frequency region in which the real part of permeability is negative. Later, the simulated results were investigated and the performances as well as the size of each unit cell itself were compared. Simulation for three different type of dielectric samples were also presented to demonstrate that the proposed structure may be well suited for bio-sensing.
INTRODUCTION
Metamaterials are artificial materials synthesized by embedding specific metallic inclusions. Some of these materials exhibit either negative permittivity or negative permeability at resonances. [1] . Among the many metamaterial unit cell designs, metal Split Ring Resonator (SRR) are studied most where SRR is typically made of one, two or more concentric subwavelength metallic ring, with a narrow split in each ring [2] . Most of these studies, have merely investigated the function of Split Ring Resonator for detecting the presence of the pertuber based on the amount of the sample. Generally, the sample under test include solid dielectrics [3, 4] , liquids [2, 5] and biomolecules [6] [7] [8] .
Recently, bio-sensing technologies based on metamaterials have attracted significant attentions from the microwave field due to cost efficient and label-free biomolecule detection. For example, Lee et al. suggested a single element planar DSRR based biosensor to detect DNA hybridization. The mechanism of this biosensor depends on the change in the resonant frequency due to binding of different biomolecule onto this resonator [8] . All the above structures were designed based on classical SRR structure either in circular or square shape, which exhibit larger size and higher resonance frequencies where large loss will produce in practical applications [9] .
In this work, three different types of multiple ring SRR unit cell are designed and has been compared for the purpose of sensing applications. It is believed that, an increase in the number of ring will increase the number of split gap, thus it will increase the high field region at the split and decrease the operating frequency due to the increment in capacitance value [10] . An SRR can be approximated by an inductor and capacitor in the form of a series LC resonant circuit. Specifically, the ring forms the inductor and the split forms the capacitor. The resonance takes place in the SRR when the electric energy stored in capacitor is balanced with the magnetic energy stored in the inductor. The changes in capacitance, C and inductance, L due to dielectric loading from biomolecule leads to a considerable shift in the resonance frequency (f c ) which is given by (1).
(1)
II. THE PROPOSED SPLIT RING RESONATOR
In this section, three types of metamaterial structure are designed to be used as a transducer. For each structure, the dimension of a unit cell is illustrated. The effective permeability will be obtained from the retrieval method mentioned in next the section.
Each one of the SRR unit cell is designed on a planar substrate, a commercially available Rogers RT5880 substrate having dielectric constant of 2.2 and thickness of 0.245 mm. The metallic inclusions are made of copper with the thickness of 0.035 mm and the conductivity of 5.8x10 7 S/m. The schematic view of the proposed design is shown in Fig. 1 . Fig. 1(a) shows a configuration of common Conventional SRR, but in rectangular form, whereby Fig. 1(b) shows a configuration called 'Aligned-Gap Multi-ring'. Another proposed structure is 'Centered-Gap' SRR. By comparing with the Conventional Square SRR structure, the proposed rectangular shape SRR is introduced in preparation to maximize coupling to the microstrip transmission line, which leads to stronger resonance of the device. The SRR is designed in such a way so that the extended gap can interact with a pertuber for which the presence can be detected.
In simulation, perfect conductor (PEC) boundary conditions are applied at the boundary surfaces perpendicular to the E field while perfect magnetic (PMC) boundary conditions are applied at the boundary surfaces perpendicular to the H field. Remaining boundaries are defined as the input and output ports. Here, the unit cells is excited by an electromagnetic wave with propagation vector (k) along the x-axis, electric field vector (E) along the y axis and magnetic field vector, (H) along the z-axis. Using this setup, three-ring of different configurations of SRR unit cell are designed and simulated.
The dimensions of each unit cell can be illustrated as in Fig.  1 . The substrate size is 20 x 15 mm, while the side length of each structure, a was set to 8.5 mm. The width of the ring, c and the distance between the rings, d was set to 0.3 mm for each structure of unit cell, whereas, the split gap, g was set to 1 mm. The only parameter that is differing from one another is b. In future work, any nanomaterial can be placed into the gap to enhance the sensing area. Table I summarized the optimized parameters of each proposed structure.
In this paper, Nicolson-Ross-Weir approach [11, 12] was chosen to extract the permittivity and permeability from the Sparameter obtained by using Computer Simulation Technology (CST) Microwave Studio. Equations in (2) and (3) were used to determine the effective parameters, where μ r is the relative permeability and is the relative permittivity.
where is wave number and d is the thickness of substrate, while and are the composite terms of addition and subtraction of S-parameter and can be represented through (4) and (5).
III. RESULTS AND DISCUSSIONS
In this section, S-parameters (S 21 and S 11 ) of the Left-Handed Metamaterial (LHM) structure are determined using Computer Simulation Technology (CST) Microwave Studio. After obtaining the S-parameters data from the simulation, the data are extracted to obtain the effective values of permeability by using Nicolson-Ross-Weir approach as mentioned in section 2. The retrieval results are shown in Fig. 2 . From the figure, these proposed structure exhibits real negative permeability in certain respective frequencies which indicates that these structures are μ negative metamaterial. It is obviously seen that the value of permeability (μ r ) fall between 3.98 -4.125 GHz for Conventional, 5.185 -5.48 GHz for Aligned-Gap Multi-ring and 6.02 -6.32 GHz for Centered-Gap SRR structure within a frequency region.
Next the numerical results for each SRR structure are verified by analyzing the transmission characteristics of S 21 parameter. The resonance frequency of each SRR structure are compared and investigated. Fig. 3 shows the simulated transmission coefficients while Fig. 4(a) -(c) demonstrate its electric field distribution for each structure. From Fig. 3 , it is clearly observed the Conventional SRR resonates at 4.085 GHz, while the Centered-Gap SRR revealed its resonance frequency at 6.310 GHz and Aligned-Gap SRR structure at 5.465 GHz. The resonance dip for Conventional, Aligned-Gap and Centered-Gap structures is 25.00 dB, 25.14 dB and 16.47 dB, respectively. By observing Fig. 2 and Fig. 3 ,it is clearly shown that the resonance frequency of investigated structures falls in a frequency region in which the real part of permeability is negative. Here, the given results demonstrate a significant difference in terms of resonance frequency, even though these structures are simulated under the same dimensions. It is found that a decrement in area of the gap for the nested structure leads to decrement of capacitance value base on (6). (6) where A is the area of the gap, d is the distance of the gap and is the relative permittivity of dielectric present between the plates. Thus according to (1) , the resonance is shifted towards higher frequency when capacitance value is reduced. Furthermore, an increment in resonance frequency can be associated with the decrement of geometrical inductance due to the size of the structure itself. It is obviously seen that, the overall miniaturization by almost 64% is achieved for the Centered-Gap structure than those two structures.
In order to adopt the proposed structure for bio-sensing application, an electric field within the split gap need to be observed. Generally, the SRR structures are predicted to develop an intense and localized electric field within the split in the ring which is very sensitive to any changes in dielectric surrounding. As illustrated in Fig. 4 (a)-(c) , on resonance, a strong electric field is established across the dielectric gap. It is obviously seen that the Centered-Gap SRR structure strongly confines the field into the gaps with peak values of 6.54 x 10 5 V/m, which is higher than the Aligned-Gap and Conventional SRR with electric field peak value of 6.45 x10 5 and 6.00 x10 5 V/m respectively. The reason behind this is due to strong coupling between the gap, whereby it depends on the size of the gap which will affect the electric field distribution for each cell.
Another important parameter that needs to be considered when describing the sensitivity of the SRR for sensing application is the Q-factor. The split ring resonator is a component with a very high Q-factor; that is, the device has a very narrow, well defined, band of operation. From the result obtain, the Centered-Gap structure has the highest sensitivity (high Q-factor) among the three structures due to sharper dip. The Q factor of a resonance peak or dip can be calculated from the resonant frequency, f 0 and the frequency bandwidth, f of the resonant peak at -3dB power points as in (7) [13, 14] . The results are summarized at Table II. To visualize the design for sensing applications, the sensors were loaded with three dielectric samples with different dielectric properties. The samples were RO 4003 ( = 3.4), RO 3206 ( = 6.15) and RT 6010 ( = 10.2) and each sample is placed between the split gap. Without the sample, the retrieve resonance frequency for the sample is 5.465 GHz for Aligned-Gap and 6.31 GHz for Centered-Gap. Upon loading the samples, the resonance frequency is shifted down according to the increasing value of dielectric constant of samples. The comparison of results can be obtained in Fig. 5 and is summarized in Table III . From the graph, it can be seen that the resonance frequency is shifted to lower frequency due to higher capacitance value when new dielectric material is introduced. As a result, according to (1), the higher the capacitance, the lower the resonance frequency will be.
IV. CONCLUSIONS
All the proposed topology has the flexibility of adjusting the resonance frequency by changing the design parameters such as the gap width, metal width and inter ring distance. It is well known that the effective design parameters such as resonance frequency, together with the field localization, subwavelength ring size, and high-Q resonance, makes SRR's ideal for sensing applications.
It has been demonstrated that the Aligned-Gap and CenteredGap structure are capable to be adopted as a transducer in bio molecular sensing. Evidently, this structure can enhance the sensitivity of metamaterial biosensor due to the increment of higher field region between the split of the structure. Furthermore, it is believed that this structure can also provide greater sensitivity by introducing sharper and deeper dip which contributes to high Q-factor compared to the other two designs. Moreover, it is evidently proven that the miniaturization of 64% is achieved for the Centered-Gap structure since by scaling down the structure to operate at higher frequencies further reduces the minimum amount of detectable sample. Thus, in the next research activity, all of the structures will be adopted in the design of bio-molecular sensor. 
